INTRODUCTION
It is generally agreed that subsolidus mantle convection is the means by which the terrestrial planets transfer heat from their deep interiors to the surface [e.g., Schubert, 1979 ].
Yet, until recently, the difficulty of modelling fully threedimensional compressible convection in spherical geometry has precluded the possibility of deducing the style of these convective motions. With the advent of supercomputers, that situation has changed, allowing for the development of numerical anodeIs of large-scale mantle convection [Glatzma/er, 1988 ; Baumgardner, 1988 [Chandrasekhar, 1961; Glatzmaier, 1984, other include the relatively small compression of the Mar-1988] , and it is consistent with the spherically symmetric viscosity and homogeneous (i.e., nonforced) boundary contima mantle due to its smaller size and gravity. There are, ditions to take the toroidal part equal to zero. of course, still additional differences among the terrestrial We apply shear-stress-free, inapermeable, mad isothermal planets, both known and unknown, that may be important in altering the styles of mantle convection in these plmaets. boundary conditions at the inner radius of the spherical shell However, we deal ouly with the differences, identified above, as appropriate to the interface between a mmatle and a liqthat can be readily accounted for in the numerical model. uid outer core. Although, the inferred lack of magnetic fields on Mars and Venus imply either a completely solid The objectives of this paper, accordingly, are to investigate the style of mmxtle convection in planets with rigid lids or completely molten core, liquid core models are consistent with thermal histories [Stevenson et al., 1983 (Table 2) .
Though these values of Ra are, perhaps, an order of magni- t HFB is the abbreviation for heated from below. 90% HFB refers to cases that are predominantly (approximately 90%) heated from below. 20% HFB refers to cases that are mostly heated from within (i.e., approximately 20% heated from below).
• (RaB + Raw )c• is the minimum critical total Rayleigh number Ra B + Raw (see equation (5) Tiffs may be due to the large temperature drop across the lower thermal boundary layer which makes the stabilization due to compressibility negligible. The final state of the Venus case with a free top has a dominant t = 2 signature (hence only two plumes) even though the least stable mode at the onset of convection is at • = 3 ( Table 2) Table 3 ). The Venus free top case with mostly bottom heating has only two plumes during its periodic episode, which may account for the fairly pure periodic signature. However, the periodic oscillation also appears to be overstable until it is disrupted just prior to the end of the time series. Three of the four cases with mainly internal heating are significantly periodic even though such a heating mode is characterized by a complex pattern evolution. In all the cases the variability in the volume averaged kinetic energy is at the 10% level. The rigid boundary appears to retard heating and cooling of the boundary layer by slowing the deposition of heat into it by advection. The differences in net surface heat flow between the predominantly internally heated cases and the mostly bottom heated cases is obviously due to the internal heat source (Table 3 ). Yet, even with this added energy source, the maximran velocity for the mainly heated-from-within cases 
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